The avian perivitelline layer, an extracellular matrix homologous to the zona pellucida 2 of mammalian oocytes, is composed mainly by zona pellucida gene family glycoproteins. 3
After linearization with the appropriate restriction enzymes, radioactive antisense or sense 23 riboprobes were synthesized using Riboprobe in vitro Transcription System (Promega 24 Corporation) and [- 32 P] CTP (NEN Life Science Products, Boston, MA, USA). The RNA 1 probes were hybridized with total RNA overnight and digested with RNase A and T1 2 (Tanaka et al. 1999 ). The protected RNAs were separated on 6% (w/v) 3 polyacrylamide/urea gels. The radioactive bands on the dried gels were detected with 4 autoradiography with the aid of an intensifying screen (Kodak, Rochester, NY, USA). 5
In situ hybridization 6
The birds were decapitated, the follicles were immediately removed, and frozen 7 sections were prepared. In situ hybridization was carried out as described previously 8 (Yoshimura et al. 2000) . The antisense 45 mer oligonucleotide probe (nucleotides 811-856 9 of GenBank accession number AB458445) was labeled with [
33 P] dATP (NEN Life 10 Science Products) using terminal deoxyribonucleotidyl transferase (Gibco, Frederic, MD, 11 USA). The sense probe was also labeled as described above. Hybridization was carried 12 out overnight at 42℃. Washing was performed at room temperature for 30 min and at 13 55℃ for 40 min twice. After washing, slides were exposed to Biomax-MR film (Kodak, 14 Rochester, NY, USA) for 2 weeks. After the exposure, the slides were coated with Kodak 15 NTB-2 emulsion (Kodak), and exposed for 7 days at 4℃ in a dark box. After exposure, 16 the slides were developed in Kodak Dektol and mounted in glycerol. The specimens were 17 examined under a dark-field microscopy with an X 40 objective (Nikon, Tokyo, Japan). 18
Production of antiserum against quail ZP4 19
Rabbit polyclonal anti-quail ZP4 antibody was raised against bacterially expressed 20 AAAAGAATTCAGCCCTTTGGCTGACCCTGGC-3' and 5'-1 AAAATCTAGATGCTGTCACTGTGTTACCATA-3', respectively. The PCR product 2 containing the partial quail ZP4 cDNA was digested with EcoR I and Xba I, and ligated 3 into pCold TF DNA vector (Takara Biomedical) treated with the same restriction enzymes. 4
The resulting construct was transformed into competent Escherichia coli, strain BL21 5 (Takara Biomedical), and an ampicillin-resistant clone was selected after the nucleotide 6 sequence analysis was performed. Recombinant quail ZP4 was expressed as the 69.8 kDa 7 fusion protein (17.8 kDa of the partial ZP4 protein with 52 kDa of the trigger factor plus 8 the His tags) in the presence of 1 mmol/L Isopropyl--thiogalactopyranoside at 15℃ for 24 9 h, and the protein was purified from the cell lysate using nickel resin (Novagen, Madison, 10 WI, USA) according to the manufacturer's instructions. The purity of the recombinant ZP4 11 was verified by separating the protein by SDS-PAGE followed by CBB staining. 12 A single female New Zealand White rabbit (SLC, Hamamatsu, Japan) was immunized 13 with the recombinant quail ZP4 (300 μg of protein) as described previously (Kuroki & 14
Mori 1995). 15

Gel electrophoresis and Western blot analysis 16
The VSWF, SWF, LWF or SYF was homogenized in the ice-cold extraction buffer 17 containing 2 mmol/L CaCl 2 , 150 mmol/L NaCl and 1 mmol/L PMSF buffered at pH 6.0 18 with 20 mmol/L Tris-HCl, and a debris was precipitated by centrifugation at 5,000 x g for 5 19 min at 4℃. The supernatants were further centrifuged at 100,000 x g for 1h at 4℃ in order 20 to remove the insoluble materials. The clear supernatants were served as follicular 21 extracts and stored at -80℃ until used. The protein concentration in each sample was 22 determined using a BCA Protein Assay kit (Pierce, Rockford, IL, USA). 23 SDS-PAGE under reducing conditions was carried out as described previously9 (Laemmli 1970), using 12 and 5% (w/v) polyacrylamide for resolving and stacking gels, 1 respectively. For Western blotting, proteins separated on SDS-PAGE were transferred to a 2 polyvinylidene difluoride (PVDF) membrane (Immobilon-P, Millipore, Bedford, MA, 3 USA) (Matsudaira 1987) . The membrane reacted with anti-quail ZP4 antiserum (1:1, 000) 4 was visualized by means of a chemiluminescent technique (Amersham Pharmacia Biotech, 5
Piscataway, NJ, USA) using horseradish peroxidase-conjugated anti-rabbit IgG (Cappel, 6
Durham, NC, USA) as a secondary antibody. 7 8
RESULTS 9
Cloning of quail ZP4 10 In order to find the putative ZP4 gene in our cDNA library, we performed DNA 11 sequencing of the 120 cDNA clones. We focused on the cDNA clone, which possesses 1.5-12 2.0 kbp in their size because the size of the chicken ZP4 had been reported to be 1678 bp 13 (GenBank accession number AB025428). As the result, we obtained the cDNA clone, 14 which showed a high degree of similarity in the DNA sequence to chicken ZP4 cDNA. 15 The sequences have been deposited in the GenBank database (accession number: 16 AB458445). As shown in Figure 1A indicates the possibility that the quail ZP4 might show type II membrane topology in the 12 plasma membrane of the cells. 13
Quail ZP4 was compared with ZP4 protein from domestic fowl or rat (Fig. 1B) . The 14 quail ZP4 is closely related to its chicken counterpart. The amino acid sequence show a 15 high degree of homology to the chicken ZP4 protein (89.0 %), but it is partially related to 16 rat counter part (45.9 %). There are 2 putative N-glycosylation sites in the translated 17 protein that are completely conserved with chicken homologue. 10 conserved Cys residues 18 were seen in the ZP domain of the ZP4 of all three species, and 6 Cys are also common in 19 the trefoil domains of chicken, quail and rat ZP4, suggesting that their 3-dimensional 20 structures are similar to each other. These common features suggest that our clone is an 21 authentic member of ZP4.
mRNA expression of ZP4 in quail 23
To determine the tissue distribution of ZP4 transcripts, we analyzed the total RNAisolated from various tissues of laying quail using a gene-specific RNase protection assay 1 (Fig. 2) . As shown in the figure, an intense single protected fragment was detected in the 2 VSWF of the ovary (lane 12). It should be noticed that the size of the protected fragment 3 was smaller than that of the probe itself (lane 13) because the RNase treatment can remove 4 the unhybridized regions, which are derived from the pGEM-3-z vector during the 5 synthesis of RNA probes. A faint band was seen in the sample prepared from SWF, LWF, 6
SYF and LYF at the same position as that of the VSWF, and no such signal above the 7 background was observed when the sample was obtained from any other tissues (lanes 1-7). 8
Equal loading of RNA onto gels was verified by hybridization of the sample with the probe 9 for S17 ribosomal protein (data not shown). These results demonstrated that the 10 expression of ZP4 gene is restricted to the ovary of Japanese quail. 11
Next, we performed the in situ hybridization in order to confirm the temporal expression 12 pattern of ZP4 transcripts in the ovary during follicular development. In accord with the 13 data in the RNase protection assay, the intense signal was detected in the VSWF and SWF 14 (less than 1 mm in diameter, Fig.3A, arrowheads) . The peripheral region of LWF was also 15 faintly labeled with our probe (Fig.3A, arrows) . No such signals were seen in the case of 16 the developing follicles including SYF or LYF. When the specimens were hybridized with 17 sense probe, again, no such intense signal was detected (Fig. 3B) , confirming the specificity 18 of the hybridization. These results clearly suggest that the expression of the ZP4 gene in 19 the follicles is dramatically decreased during follicular development. 20
To further localize the expression of ZP4 transcripts in the follicles, we observed the 21 hybridized-specimens under dark-field microscopy (Fig. 3C) . As shown in the figure, the 22 intense signals were observed in the oocyte of the VSWF, suggesting that the ZP4 mRNA 23 appears to be transcribed in the oocyte itself. The specimens that had been hybridized with 1985, 1989 ). Our present and previous experimental evidences strongly suggest that 2 female germ cells (i.e., the oocyte) also participate in producing the ZP glycoprotein in 3 addition to the ovarian granulosa cells (ZP3 and ZPD) and the liver (ZP1) in avian species. 4
We have no rational explanation why three types of cells should participate in the 5 formation of the egg coat in avian species, however, it might be because avian oocytes 6 grow very rapidly during final stage of the follicular development, and that an active organ 7 in protein synthesis, such as liver, should participate in the synthesis of the ZP 8 glycoproteins together with ovarian somatic and germ cells in order to overlie the surface 9 of the big oocytes in avian species. This speculation is supported by the observation that 10 the accumulation of ZP1 protein occurs at later stage of the follicular development when 11 the thickness of the PL increases dramatically (Sasanami et al. 2004 ). The ZP1 proteins 12 might render the mechanical strength to the egg coat at the time of ovulation, in addition to 13 its indispensable roles for the induction of the sperm acrosome reaction during the 14 fertilization (Sasanami et al. 2007) . 15 In the present study, we found that the transcripts of ZP4 protein in the follicles 16 decreased during follicular development (Fig. 2C) 
